The objective of this presentation is to relate the abundance and mobility of Cd in components of terrestrial ecosystems with implications for land utilization of sewage sludge. The uptake of Cd by crop plants is a function of the quantity of the element in the soil plus other soil factors affecting the Cd ion activity or electrochemical potential at the plant root surface. The natural abundance of Cd in soils has been reported as 0.5 j,ug/g which is higher than the background level of 0.2 ,ug/g found in soils studied in Pennsylvania. Experimental results indicate that the plant availability of Cd increases with each soil addition. While the plant availability of Cd is decreased by liming to increase soil pH, it has not been possible to add Cd salts or sewage sludge Cd without significantly increasing plant uptake.
Introduction
The accumulation of Cd and other ions by plants from soil is affected by inherent differences among species and varieties within species, soil abundance of the element, ionic interactions in soils, and soilplant interactions. Interpretations of experimental results relating soil testing, soil chemical equilibria, plant analysis, and plant physiological processes have been subjects of several reviews (/-9). The review on trace element cycling by Allaway It has been shown that chemical analysis of corn leaves removed from the node from which the ear emerges at the silking stage of maturity will reflect the soil availability of several elements (13) . The results presented in Table 1 for corn leaves from plots receiving no sludge Cd are in close agreement with the range of 0.05 to 0.2 ppm reported as the normal range for plant leaves by Melsted in 1973 (7) . His suggested maximum of 3 ppm Cd in plant leaves was reduced to I ppm Cd by Baker and Chesnin in 1975 (2) on the basis of the relationship between plant leaf Cd and the level expected in the food chain. While the upper limit of I ppm in corn leaves has no official validity, its use as a maximum level to be attained in corn ear leaves provides for interesting observations from the data summarized in Table 1 . The lower values reported for plots receiving no sludge Cd in 1975 compared with those reported previously (12) resulted from an improved flameless atomic absorption technique which is capable of more accuracy when the level of Cd in plant tissue is below 0.1 ppm. The 5 dry ton rate of sludge supplied approximately 2.6 ppm Cd to the surface soil over the two-year period. The corn ear leaf Cd decreased from 1.09 ppm in 1974 after the first addition of 5 tons dry sludge to 0.4 ppm in 1976 and 1977. At all rates of sludge, the uptake of Cd from the second application was not greatly different from that observed for the initial application. This trend has been observed by other investigators and suggests that the availability is determined initially by the Cd binding properties of the sludge and not by the soil. However, over time as the sludge colloidal material is decomposed, the availability of Cd will be more a function of its chemistry in the soil. At the 10 and 20 dry ton rates of sludge the uptake of Cd was proportionately less than at the 5 ton rate. These results indicate that higher rates of Cd on fewer acres could result in less Cd entering the food chain. In the CAST Report No. 64 (14) , it was reported that "repeated annual applications of sludge to soil cropped to corn show that the amounts applied in a given year influenced the Cd contents in leaves to a greater extent than did the total cumulative amounts of Cd applied." From our data as well as data reported by others (14, 15) , it is concluded that the plant accumulation of Cd from a given soil is a function of the total Cd loading of the soil, the properties of the sludge added, and the soil chemistry in relation to Cd binding once the sludge applications have been discontinued. However, once the soil abundance of Cd was increased to levels above the desired minimum, the plant concentration of Cd has attained levels in corn leaves above I ppm. Since it has not been possible to apply substantial quantities of Cd without increasing plant uptake of Cd, food chain buildup of Cd may be prevented only by preventing Cd additions to soil or by limiting the applications of Cd contaminated sludge to land dedicated to the production of non-food chain crops.
Environmental Health Perspectives 
Accumulation of Cd in the Food Chain
The concentrations of Cd in cereal grains and potatoes for different field treatments are presented in Table 5 . Except for corn grain, the crops accumulated substantial quantities of Cd. Two years after the last application of sludge the corn grain contained about 10 times the background level for check plots; the wheat contained about 15 times the background levels; and potatoes contained 10 to 12 times the background levels. Unless sludge containing Cd is used exclusively for the production of corn for grain which is relatively low in Cd, the effect on the food chain can be expected to be about equal for all these crops.
Cadmium in Animal Tissues
In order to assess the impact of increased plant Cd content on the food chain, several animal feeding trials have been conducted for the purpose of determining the relationship between dietary and tissue Cd content. In one study, meadow voles (Microtus Pennsylvanias) were fed herbage grown on sludge fertilized plots (16) . Diets containing the sludge fertilized corn herbage had a Cd content of 1.09 ppm while the diets containing sludge fertilized sorghum contained 2.76 ppm Cd. For the purpose of determining the relative availability of Cd, the synthetic control diet and diets containing herbage grown on check plots were supplemented with Cd salts to give comparable levels of dietary Cd. The results are presented in Table 6 . All diets containing supplemental Cd resulted in significant increases in liver and kidney Cd content. Muscle showed a greatly reduced ability to accumulate Cd. Although cadmium supplementation resulted in an increase in muscle Cd content, these changes did not prove to be statistically significant. The availability of Cd in herbage from sludge amended plots was equal to or greater than Cd added as soluble Cd to the herbage from check plots.
Feeding trials have been conducted with broiler chicks and laying hens (17) . Normal diets which contained 0.20 ppm Cd were supplemented with 3 ppm Cd in order to approximate the levels observed with sludge treated herbage. The data from these experiments are presented in Tables 7 and 8 . The results were very similar to those obtained with the meadow voles. Cadmium readily accumulated in liver and kidney while muscle was not as sensitive to dietary Cd content. Although the results are not statistically significant, 3 ppm dietary Cd consistently doubled muscle cadmium content. There was no transfer of cadmium to the egg in this experiment. These results are consistent with observations of Sell (18), who studied the transfer of Cd109 to the egg, as well as the results of Mills and Delgarno (19) , who reported poor placental transfer of cadmium in sheep.
The results of these studies show that the amounts of Cd found in plants grown on sludge amended soils can increase the Cd content of tissues such as liver and kidney. Although there was not a statistically significant increase in muscle Cd content, these amounts of dietary Cd (1-3 ppm) consistently doubled muscle cadmium content. Interpretation of these results in relation to human intake of cadmium and long range health effects of Cd is required for the proper monitoring of sewage sludge application on land used for production of crops which enter the food chain.
